Abstract Effective approaches to promote adolescent physical activity are needed. Moreover, a one-size-fits-all approach has been minimally successful to date. This randomized controlled trial evaluates a theory-based personalized exercise prescription to enhance motivation for being active and physical activity participation among adolescent reluctant exercisers. Adolescents were characterized by affective style as reluctant (predisposed to negative affect during exercise) or latent (predisposed to positive affect during exercise) exercisers based on their affective response to an acute exercise task, and then randomly assigned to an exercise prescription of either a personalized or a moderate intensity. Assignment was double-blind. Assessments were pre-and post-the 8-week intervention. Participants were an ethnically diverse group of adolescents (19 % non-Latino White) in a public middle-school. The exercise intensity manipulation and assessments took place at the school site during regular Physical Education. Participants were assigned to either a moderate-intensity exercise prescription [target heart rate (HR) range 60-80 % of HR max] or a personalized exercise prescription corresponding to an intensity that ''feels good'' to the individual for 8 weeks during daily Physical Education. Outcome measures included exercise-related intrinsic motivation (via questionnaire), and daily moderate-to-vigorous physical activity (MVPA; via accelerometer). The exercise intensity manipulation did not yield actual differences in exercise intensity during PE, and had no effect on either Intrinsic Motivation or MVPA. There was no significant interaction between affective style and group assignment in predicting Intrinsic Motivation or MVPA. This study did not find support for a link between affective experiences during exercise and physical activity participation. Providing adolescents with a personalized exercise intensity prescription and asking them to follow the prescription during PE was not an effective strategy to manipulate their affective experience of exercise. A more rigorous test of affective manipulation may require supervised exercise sessions during which exercise intensity can be directly observed and controlled.
Introduction
Physical activity (PA), defined as any bodily movement produced by skeletal muscles that results in energy expenditure (Caspersen et al., 1985) , is a preventive behavior that protects against chronic disease. A recent meta-analysis (Lee et al., 2012) concluded that physical inactivity has an impact on population-wide life expectancy that is similar in magnitude to the impact of obesity and smoking. Moreover, inactivity and obesity are strongly linked (Aryana et al., 2012) , possibly with reciprocal effects exacerbating both conditions. NHANES data indicate that 75 % of adolescents do not meet current guidelines (60 min of moderate-to-vigorous activity on most days) for activity (Fakhouri et al., 2014) and 34 % of adolescents are overweight or obese . Finding effective strategies for promoting youth PA is critical for the health of the next generation.
Recent work in physical activity promotion focuses on the role of affect as a factor influencing motivation to be physically active. Affect refers to ''the most elementary consciously accessible affective feelings (and their neurophysiological counterparts) that need not be directed at anything'' (Russell & Barrett, 1999, p. 806) . The recent attention to affect is grounded in hedonic theory, which posits that people are motivated to engage in behaviors that bring pleasure and to avoid activities that are accompanied by feelings of displeasure (Kahneman et al., 1999; Williams, 2008) . Consistent with this theory, a positive affective response to exercise (a subset of physical activity that is planned, structured, and repetitive) (Caspersen et al., 1985) correlates with PA participation (Rhodes & Kates, 2015) among both adults and adolescents (Schneider et al., 2009a) . The affective response to exercise also correlates with intrinsic motivation to exercise (Schneider & Kwan, 2013) , which may mediate the affect-behavior relationship. Despite these findings, few intervention studies have explicitly targeted the affective experience during exercise as a means of increasing intrinsic motivation for exercise.
In a set of carefully-constructed lab-based studies, Parfitt and colleagues have explored the associations between exercise intensity and experienced affect. These studies demonstrated that women were able to regulate the intensity of their exercise to attain a designated affective state (Parfitt et al., 2012b) , and that exercise intensity did not change over an 8-week training program when women were instructed to exercise at a level that felt ''good'' (Parfitt et al., 2012a) . These studies did not investigate the impact of affect-regulated exercise on free-living physical activity or on intrinsic motivation to exercise.
Intrinsic motivation (i.e., engaging in an activity for the pleasure it provides) is a central tenet of Self-Determination Theory [SDT; (Ryan & Deci, 2000) ], which posits that intrinsic motivation is generated through the satisfaction of basic psychological needs; namely, relatedness (deriving a sense of connectedness to others through the activity), autonomy (feeling that engaging in the activity engenders an internal locus of control), and competence (experiencing mastery during the activity). Indeed, there is support for SDT-informed interventions as a means of nurturing intrinsic motivation to exercise, but the modest impact on behavior suggests that additional factors should be considered as well (Owen et al., 2014) . Individual exerciseassociated affect is one factor that bears further examination.
Interestingly, there is substantial inter-individual variability in the acute affective response to exercise (Schneider & Graham, 2009) , with some evidence that these individual differences are stable over time (Bershadsky & Schneider, 2013) , partially genetically determined (Karoly et al., 2012) , and predictive of future behavior (Rhodes & Kates, 2015) . That a standardized acute exercise challenge can elicit divergent affective states across individuals is consistent with the dual-mode theory of exercise-associated affect (Ekkekakis et al., 2008) , which posits that individuals arrive at an affective state during moderateintensity exercise through cognitive interpretation of the interoceptive cues that accompany the exertion (e.g., increased heart rate and breathing, sweating). An individual who interprets these cues as signals of goal achievement, for example, is more likely to experience positive affect, whereas an individual who interprets these cues as signals of impending exhaustion is more likely to experience negative affect.
There are several strands of psychophysiological research that point toward potential trait-based characteristics linked with these individual predispositions. Psychologists have directed attention to the role of ''approach'' versus ''withdrawal'' motivations in determining individuals' affective interpretations of an emotion-eliciting stimulus (Carver & White, 1994) and shaping physical activity behavior (Rhodes, 2006) . More specifically, adolescents who scored highly on a pencil-and paper measure of Behavioral Inhibition (a measure of sensitivity to cues of impending punishment; withdrawal motivation) evidenced more negative affect during exercise, while those who scored highly on a pencil-and-paper measure of Behavioral Activation (a measure of sensitivity to cues of impending reward; approach motivation) evidenced more positive affect during exercise (Schneider & Graham, 2009) . At the same time, studies using electroencephalogram (EEG) assessments of brain activity in the frontal cortex offer support for a neurophysiological mechanism underlying individual differences in affective interpretations of emotion-eliciting stimuli (Sutton & Davidson, 1997) . Among adolescents, EEG asymmetry in the frontal cortex has been linked to a more positive affective response to moderateintensity exercise (Schneider et al., 2009b) . Recent work using diffuse optical spectroscopic imaging (DOSI) to examine hemodynamic activity in the brain during exercise (Tempest et al., 2014) has further demonstrated that the affective response to an exercise challenge is associated with identifiable patterns in brain metabolism consistent with the concept of an affective style grounded in characteristic patterns of frontal cortical activity.
The identification of a characteristic predisposition to respond to exercise with either positive or negative affect creates an opportunity to tailor PA interventions according to adolescents' ''affective style''. Approximately half of adolescents experience negative affect in response to moderate-intensity exercise (Schneider et al., 2009a) , suggesting high sensitivity to negative sensations that may accompany exercise (e.g., accumulation of lactic acid, shortness of breath). Among these ''reluctant exercisers'' [a term coined to describe this particular behavioral phenotype (Schneider, 2014) ], an intervention that manipulates the intensity of exercise so as to decrease negative sensations and enhance the experience of positive affect during activity should be especially effective for increasing intrinsic motivation. The present study utilized a novel approach to identify an exercise intensity that generates positive affect and used this information to personalize adolescent exercise prescriptions.
We hypothesized that among reluctant exercisers a personalized exercise prescription calibrated to generate positive affect would result in greater intrinsic motivation for exercise as compared to a moderate-intensity exercise prescription, and that this increase in intrinsic motivation would result in increased time spent being physically activity throughout the whole day. A novel feature of this study is that it was implemented within a school setting and utilized regular PE classes as the channel of intervention delivery. This strategy was selected to facilitate subsequent translation and dissemination of the exercise intensity manipulation.
Methods

Procedures
Study sample
This study was conducted during four school years (2011) (2012) (2013) (2014) (2015) within an ethnically diverse public middle school (50 % Latino, 24 % non-Latino White, 15 % African-American, and 8 % Asian). A new cohort was recruited each fall and followed for the full school year. Assessments took place on campus in a classroom/laboratory during Physical Education (PE) class periods. The protocol was reviewed and approved by both the University Institutional Review Board and also the Research Review Committee of the school district. Study participants provided written assent for participation, and a parent or guardian provided written consent.
Recruitment
Participants met the following inclusion criteria: (1) enrolled in the sixth grade; (2) able to participate in regular PA without restriction; (3) not currently active in a team or individual competitive sport; (4) right handed; (5) not depressed; and (6) free from a history of head trauma. The criteria targeted healthy yet non-athletic students. The last three criteria were related to the inclusion in the study protocol of a resting electroencephalogram (EEG) assessment, which was conducted as part of a study aim not addressed in this report.
Assessment schedule
Each participant visited the classroom/laboratory four times in the fall, with at least 1 week between each visit: (1) height, weight and cardiorespiratory fitness test to determine peak oxygen consumption (peak VO 2 ); (2) moderate-intensity exercise task; (3) exercise task at an intensity that was selfselected to feel ''good''; and (4) behavioral questionnaires. Each participant also wore an ActiGraph activity monitor (model GT3X, ActiGraph, Pensacola, Florida) for seven days. The Actigraph assessment, feels-good exercise task, and behavioral questionnaires were repeated after the 8-week intervention. A $25 gift card was provided to the participant upon successful completion of each assessment.
Cardiorespiratory fitness test
Students completed a ramp-type progressive cycle-ergometer exercise test (Whipp et al., 1981) . Participants were verbally encouraged to continue until they reached their limit of tolerance. Breath-to-breath measurement of gas exchange (ventilation, oxygen uptake, and carbon dioxide output) was viewed online and analyzed using a Sensor Medics Ò metabolic system (Yorba Linda, CA) to determine peak VO 2 .
Moderate-intensity exercise task
Each participant exercised for 30 min on a stationary cycle at 50 % of the work rate at peak VO 2 and was instructed to maintain a cadence between 60 and 70 RPM. If the participant showed signs of fatigue (i.e., RPM below 60 or HR above 170 beats per minute for at least 1 min), work rate was reduced by 10 Watts. Every 3 min, a research assistant recorded HR (Polar HR monitor; Polar Electron, Lake Success, NY) and elicited self-ratings of affect [Feeling Scale (Hardy & Rejeski, 1989) ]. The Feeling Scale is a single-item 11-point bipolar measure of pleasure-displeasure used to assess affective valence. Responses range from -5 (very bad) through 0 (neutral) to +5 (very good). It is only moderately related to ratings of perceived exertion, is sensitive to alterations in exercise intensity among adolescents (Sheppard & Parfitt, 2008) , and is positively related to enjoyment of exercise (Robbins et al., 2006) .
''Feels-Good'' exercise task
To locate an exercise-intensity range associated with positive affect, students exercised for 30 min on a stationary cycle starting at 20 % of work rate at peak VO 2 . Every 3 min, HR and Feeling Scale ratings were recorded and participants were invited to maintain an intensity that felt ''good'' by increasing or decreasing the resistance in increments of 10 watts, if desired. The specific instructions given to participants have been detailed elsewhere (Schneider, 2014) . In brief, they were asked to pedal at an intensity that felt ''good'' to them, and were invited to increase or decrease the resistance every 3 min. Test-retest correlations of the average work rate selected during this task in the fall and then again in the spring showed good evidence of stability over time (r = .54, p \ .001). Similarly, the test-retest correlation of the maximum heart rate reached during the feels-good task showed evidence of stability over time (r = .55, p \ .001).
Determination of moderate-intensity and personalized heart rate prescriptions A target HR zone was computed for each participant. The upper boundary for the moderate-intensity prescription was set at 80 % of maximum HR during the cardiorespiratory fitness test. The upper boundary for the personalized prescription was the maximum HR achieved during the ''feelsgood'' exercise task plus ten beats per minute (pilot testing revealed that this buffer was necessary to avoid exceeding the target range by simply jogging out to the field for PE). In both conditions, the lower boundary of the HR range was 20 beats below the upper boundary.
Determination of affective style
The affective response to moderate exercise is stable across two assessments separated by a four-month period (Intraclass Correlation Coefficient = .61, p \ .01) (Bershadsky & Schneider, 2013) , thus suggesting that this response is a behavioral phenotype. Accordingly, students were categorized as either ''latent'' or ''reluctant'' exercisers on the basis of their affective response to the moderate-intensity exercise task. Those who responded with an upward trend in affect were classified as latent exercisers, whereas those who responded with a downward trend in affect were classified as reluctant exercisers. Prior research showed that adolescent latent exercisers engaged in greater amounts of free-living physical activity (Schneider et al., 2009a) and voluntarily exercised at a higher work rate when instructed to find an intensity that felt ''good'' (Schneider & Schmalbach, 2014) .
Assignment of participants to intervention groups
Students were randomly assigned (1:1) to one of two parallel groups (the moderate-intensity or the personalized intensity) stratified by gender, body composition (body mass index above or below the 85 th percentile), and affective style (latent or reluctant exercisers). Students, PE teachers, and study staff involved in the assessment procedures were all blinded to the intervention condition.
Measures
Body mass index (BMI) percentile
Height (PE-AIM-101, Perspective Enterprises, Portage, MI) and weight (Seca 869, Chino, CA) were obtained to compute BMI percentile according to the normative values provided by the Centers for Disease Control and Prevention (Centers for Disease Control and Prevention, 2012).
Self-reported screen time and sugared beverage consumption
Study participants answered 4 questions about consumption of sugar-sweetened beverages in the prior 7 days and 2 questions about the amount of time they spent on an average school day engaged with a computer or television screen. The questions were adopted from The National Youth Physical Activity and Nutrition Study [NYPANS; (Centers for Disease Control and Prevention, 2011)]. Each item assessed a distinct behavior related to the construct of interest (e.g., consumption of sodas, energy drinks, and/or sweetened teas), so the items were summed and then categorized to provide a roughly normal distribution. Beverage scores ranged from 0 (none) to 4 (at least 4) sugarsweetened beverages in the last 7 days. Screen time scores ranged from 1 (1 h or less) to 4 (5 h or more) on an average school day.
Intrinsic motivation for exercise
Four items from the Behavioral Regulations in Exercise Questionnaire (BREQ (Mullan et al., 1997) ), selected based on a factor analysis of data from 192 adolescents (Schneider & Kwan, 2013) , were averaged to assess intrinsically-motivated reasons for exercising (e.g., ''I exercise because it's fun''). Respondents indicated how true each item was for them on a scale of 1 (not true for me) to 7 (very true for me). Internal consistency was high in the present study (Cronbach's alpha = .80).
Physical activity
Participants wore the ActiGraph Ò accelerometer on the left hip for seven consecutive days, except while sleeping, swimming, or bathing. Owing to the lack of convergence in the literature on the ideal algorithm for use with adolescents, data from the Actigraph Ò were analyzed using the Actilife software with both the Freedson adult (Freedson et al., 1998) and also the Freedson Child (Freedson et al., 2005) cutoffs to yield the average number of minutes daily that participants engaged in MVPA. A valid day contained a minimum of eight valid hours of data. As per recommendations for obtaining a valid estimate of activity (Trost et al., 2005) , a minimum of 4 valid days (with one weekend day) was required for a participant to be included in the analyses of average daily MVPA. Four variables were derived from the Actigraph data and analyzed separately as outcomes: (1) average daily MVPA; (2) average daily MVPA during the school day; (3) average daily MVPA after school on school days; and (4) average daily MVPA on weekend days.
Heart rate during Physical Education
Polar Heart Rate monitors (Polar Electro, Inc., Lake Success, NY) were used to assess students' heart rates during PE three times each during the 8 weeks of the exercise intensity manipulation. Each monitoring session was separated by approximately 2 weeks. Data were analyzed using Polar E Series Software (version 4.9.17) to provide the percent of wear time that each student was within the prescribed heart rate zone.
Exercise intensity manipulation
The 8-week exercise intensity manipulation commenced in January. Each student received a SmartHealth HR monitor/ watch (model 22023, Salutron, Fremont, CA) programmed with the target HR determined for that student. SmartHealth watch readings correlate very highly with those of both the Polar HR monitor and electrocardiogram [r C .95; (Lee et al., 2014) ]. The watch displays HR and indicates whether the wearer is ''in'', ''hi'', or ''lo'' relative to the programmed target HR zone. The watch does not store data. Watches were handed daily to students at the beginning of PE, and collected at its end. Students were encouraged to check their HR periodically, and to strive to stay within their assigned HR zone. PE teachers were trained to prompt students to check their HR twice during each class and to encourage students to adjust their exercise intensity to remain within their zone. PE teachers, who were encouraged to think of themselves as partners in this research effort, enabled the students to make their best effort to stay within the target HR zone they were given, regardless of whether that meant they needed to increase or decrease their activity during PE. A feasibility study and process evaluation of the first three years of the intervention (Schneider, 2014) showed that students were able to understand and follow instructions as intended, PE teachers implemented the intervention as directed, the quality of PE instruction was similar across teachers, PE periods, and cohorts, and students made attempts to modify their activity level to stay within their target HR zone. Figure 1 shows a CONSORT style flow diagram of study participation at all levels of the trial. Over the course of the study, 134 participants completed the trial (67 in the moderate-intensity group and 67 in the personalized group). Sample sizes were slightly smaller for analyses using the ActiGraph data (see Fig. 1 ), as post-assessment data cleaning resulted in the exclusion of students who did not meet minimum criteria for PA monitoring. Comparability between the two exercise intensity groups on key participant characteristics was examined using t tests, as was comparability between latent and reluctant exercisers. Differences across cohorts for all study variables were explored using ANOVA. A series of regression analyses examined the impact of the exercise intensity manipulation on the outcomes (i.e., MVPA variables and Intrinsic Motivation). To examine the potential impact of available covariates, each regression was modeled three times: Model A controlled for baseline values of the dependent variable, cohort, gender, and ethnicity (Hispanic vs nonHispanic); Model B added BMI percentile and VO 2 peak L/min; Model C added screen time and sugared beverage consumption. Results of the 3 models did not differ in any meaningful way, so results of Model C are presented. Similarly, as results were substantively the same when analyzing MVPA data using both child and adult cutpoints, only results for the adult cutpoint are reported.
Data analyses
A power calculation conducted prior to the trial informed the target sample size. Based on preliminary data, we estimated that a sample size of 132 would provide 81 % power to detect an interaction between the exercise intensity type and affective style of .063 standard deviations in MVPA with a significance level of p \ .05. All analyses were conducted using R version 3.2.4 (R Core Team, 2016). Table 1 provides baseline participant characteristics (48 % Latino, 19 % non-Latino White, 12 % African-American, 10 % Asian, 11 % multiracial/Other; 48 % male; mean age = 11.03, SD = .38). There were no significant differences between exercise intensity groups. Reluctant exercisers reported greater screen time compared to latent exercisers (M = 4.0 vs 3.0 h/day, p \ .01). Boys had higher absolute (1.71 vs 1.56 L/min) and relative (38.73 vs 35.42 ml/kg/min) VO 2 peak compared to girls (p's \ .05), and were more active per daily MVPA (51 min/day vs 39 min/day, p \ .001), in-school MVPA (32 min/day vs a Personalized = affect-based heart-rate prescription b Moderate-intensity = moderate-intensity heart-rate prescription based on 80 % of HR max c Self-reported hours of screen time on an average school day d Self-reported number of sugar-sweetened beverages in the last 7 days 26 min/day, p \ .05), after-school MVPA (27 min/day vs 18 min/day, p \ .05) and weekend MVPA (31 min/day vs 24 min/day, p \ .001). Differences across cohorts for all study variables were explored using one-way ANOVA. At baseline, cohort 4 had a lower peak VO 2 than cohort 1 (mean diff. .26 L/min, p \ .01) and cohort 2 (mean diff. .26 L/min, p \ .01). Cohort 4 was also less active on average than cohort 2 for weekly MVPA (mean diff. 16.2 min, p \ .01), weekday after-school MVPA (mean diff. 12.3 min, p \ .01), and weekday during school MVPA (mean diff. 7.6 min, p \ .01), but not for the weekend MVPA variable.
Results
Participant characteristics
Heart rate during Physical Education
On average, heart rate was monitored for about 45 min over each PE period that students wore the Polar monitor. Averaged over the three monitored sessions, the amount of time per student spent within the prescribed heart rate zone was about 10 min (25 % of the PE period). There were no significant differences across exercise intensity groups, affective style, or the interaction between the two in terms of the amount of time spent exercising at an intensity that was within the prescribed HR range. Table 2 provides the means and standard deviations for each of the outcome variables by affective style and exercise intensity group over time.
Impact of the intervention
Physical activity
The impact of the exercise intensity manipulation on MVPA was evaluated for four different versions of the data derived from the ActiGraph: (1) average daily MVPA; (2) average daily MVPA during school on school days; (3) average daily MVPA after school on school days; and (4) average daily MVPA on weekends. Regression analyses of each of these MVPA variables were consistent in failing to find support for an intervention effect. Comparison of estimated mean differences in post-intervention MVPA revealed no significant differences between any of the affect X intervention group combinations in comparison to the reference group (latent-moderate-intensity). The results remained the same after covariates were entered into the equation to control for baseline MVPA, cohort, gender, ethnicity, BMI percentile, VO 2 peak L/min, screen time, and sugared beverage consumption.
Intrinsic motivation
In the regression analysis predicting IM, the estimated mean differences in post-intervention IM after controlling for baseline MVPA, cohort, gender, ethnicity, BMI percentile, VO 2 peak L/min, screen time, and sugared beverage consumption were statistically no different for any of the groups as compared to the reference group (latentmoderate-intensity). The exercise intensity manipulation had no impact on IM.
Discussion
A randomized controlled trial evaluated the efficacy of a personalized exercise intensity manipulation to promote physical activity motivation and participation among adolescents who were classified, based on their affective response to moderate-intensity exercise, as latent or reluctant exercisers. Results failed to support the hypothesis that reluctant exercisers would derive greater motivational benefit from the personalized exercise intensity a Moderate-to-vigorous physical activity (MVPA) was derived from ActiGraph using Freedson adult cutoff (1952 counts/min) . A valid day contained a minimum of 8 valid hours of data. To be included in the analyses, participants were required to have at least 4 valid days including one weekend day (7-day) or at least 3 weekday days (weekday in-school and weekday after-school) or at least one weekend day (weekend) b Intrinsic motivation scores ranged from 1 to 7
intervention. No differences in Intrinsic Motivation or MVPA were observed for any of the affective style-exercise intensity pairings in relation to the reference group (latent-moderate-intensity). This study builds on earlier work investigating the role of affect in PA behavior. A systematic review of the PE intervention literature published between January 1990 and June 2010 (Dudley et al., 2011) found 7 articles with enjoyment of activity as an outcome. Only one of these studies reported a positive impact on enjoyment, and the authors concluded that ''a lack of high quality evaluations and adequate statistical power hampers conclusions concerning the effectiveness of interventions to improve enjoyment of physical activity in [physical education and school sport] (p. 374)''. A recent review of the research linking exercise-associated affect and PA concluded that ''experimental tests that attempt to manipulate the affective experience during exercise and its impact on sustained behavior change and enjoyment… are now needed (p. 728)'' (Rhodes & Kates, 2015) . The current study addresses this knowledge gap and provides useful information for future investigations into the role of exercise intensity manipulation as a means of improving the affective experience associated with exercise.
The emphasis on IM as an important indicator of program success was grounded in the results of a critical mass of studies. A review of 66 studies supported the assumption that IM predicts MVPA among adults (Teixeira et al., 2012) , and a review of 46 studies confirmed this association among adolescents (Owen et al., 2014) . One recent study in particular found that adolescents' changes in IM predicted MVPA in a 2-year intervention study (Quaresma et al., 2014) . On the basis of these studies we set out to establish whether personalizing the exercise intensity to maximize positive affect would enhance IM. In the end, however, the exercise intensity manipulation was not effective, the reasons for which we examine below.
The affective manipulation did not have an impact on adolescents' IM or physical activity behavior. The heart rate data collected during PE classes, however, suggest that it would be premature to conclude that an affective manipulation of the exercise experience will not result in changes in physical activity behavior over the long term. In the present study, students were only able to keep their heart rate within their personally-prescribed range for 10 min out of every PE class, meaning that for the majority of the time they were exercising at a heart rate that was outside their prescribed range. Our attempts to restrict exertion to within a zone that felt ''good'' to individuals were not successful. The methods were developed to maximize ecological validity and promote the translatability of the findings to PE instruction, but it appears that in order to demonstrate a causal link between changes in exercise-associated affect and self-directed physical activity behavior a preliminary step may be necessary in which the exercise-associated affective experience is more carefully controlled. A lab-based study using supervised exercise intensities and tracking both exercise-associated affect and free-living MVPA over time may be a necessary step to test the hypothesis that physical activity participation can be encouraged by improving the affective experience of individual exercise bouts. Such a controlled study also would permit a closer analysis of the temporal and situational stability of the affective response to exercise. In the current study, heart rates during the feels-good task demonstrated only moderate stability over time, which may suggest that heart rate is not the best criterion upon which to recommend an affect-based exercise intensity.
It is worth noting that in this sample of study participants there was no difference in baseline MVPA by affective style. This finding is inconsistent with earlier work among adolescents (Schneider et al., 2009a) showing that latent exercisers engaged in more MVPA compared to reluctant exercisers. A likely explanation for this discrepancy is the exclusion criteria applied in the present study. Adolescents who were members of a sports team or competed in individual sports were excluded from the present study. It is quite possible that if athletic students had been included in the present study the relative impact of the personalized intervention on reluctant exercisers would have been more pronounced. Future studies may be welladvised to include the full range of PA participation when investigating the impact of affective style on PA behavior.
The absence of any impact on MVPA in the present study should be interpreted within the context of the younger adolescent lifestyle, environment and developmental stage. All of these students were in the sixth grade during the study, and thus at an age when most youth are still relatively active (average MVPA was about 45 min/day). Moreover, these students had the benefit of a high-quality PE program that was more effective than most in keeping students active during the PE period (Schneider, 2014) . Finally, middle-school students' activities are still largely constrained by parental influence, with increasing independence of behavioral choice emerging as students mature. Thus, it may be that an impact of the exercise intensity manipulation on behavior will emerge on a longer time course as students become more autonomous and have the freedom and ability to make their own choices regarding being physically active.
Limitations
The internal validity of the study is bolstered by the double-blind random assignment, which is very unusual in behavioral studies. Because students were provided with a target HR range and were not informed as to how that range was derived, they did not know whether they had been assigned to the personalized or the traditional exercise intensity manipulation. Similarly, study staff and PE teachers were blind to assignment conditions. Limitations to the study include the relatively short follow-up. It is possible that affective manipulations take a longer time to have an impact on behavioral choices. In addition, although we successfully recruited our target sample size as dictated by the a priori power analysis, the loss of some participants to analysis as a result of missing ActiGraph data meant that the analysis of the impact of the intervention on MVPA was under-powered. The major limitation to the study was the failure of the intensity manipulation. Study participants, in effect, did not undergo the affective experience that was intended. Future studies should include tracking of PA across a longer time period to determine the long-term impact of personalized interventions, should inflate recruitment to account for incomplete activity monitoring data, and should build in real-time validation of exercise intensity to ensure the intensity manipulation is delivered as intended.
Conclusions
This study was unable to provide support for the hypothesis that adolescent PA could be enhanced through a manipulation of exercise intensity prescriptions because youth did not maintain a hear rate within their prescribed range for more than about 25 % of the PE period. To definitively test this hypothesis, it may be necessary to step back into the lab and use supervised exercise sessions as a means of shifting adolescent's affective perceptions in relation to exercise.
